During development of ovarian follicles in mammals, cumulus cells and the oocyte form a mucoelastic mass that detaches itself from peripheral granulosa cell layers upon an ovulatory surge. The integrity of this cumulus-oocyte complex (COC) relies on the cohesiveness of a hyaluronan (HA)-enriched extracellular matrix (ECM). We previously identified a serum glycoprotein, inter-alpha-inhibitor (I␣I), that is critical in organizing and stabilizing this matrix. Following an ovulatory stimulus, I␣I diffuses into the follicular fluid and becomes integrated in the ECM through its association with HA. TSG-6 (the secreted product of the tumor necrosis factor-stimulated gene 6), another HA binding protein, forms a complex with I␣I in synovial fluid. The purpose of this study was to investigate whether TSG-6 is involved in the ECM organization of COCs. Immunolocalization of TSG-6 and I␣I in mouse COCs at different ovulatory stages was analyzed by immunofluorescence and laser confocal microscopy. I␣I, TSG-6, and HA colocolized in the cumulus ECM. Western blot analyses were consistent with the presence of both TSG-6 and TSG-6/I␣I complexes in ovulated COCs. These results suggest that TSG-6 has a structural role in COC matrix formation possibly mediating cross-linking of separate HA molecules through its binding to I␣I.
INTRODUCTION
In most mammals, oocytes in fully grown follicles are tightly surrounded by compact layers of specialized granulosa cells called cumulus cells that form the cumulus-oocyte complex (COC). Upon ovulatory stimulation, the compact organization of the COC expands with the production of a mucoelastic extracellular matrix (ECM) that surrounds the cumulus cells. This process, referred to as expansion or mucification, requires synthesis of hyaluronan (HA) by cumulus cells and its organization in the intercellular spaces into a fibrillar network [1] [2] [3] . Microstructural studies suggest that the HA molecules in ovulated COCs are maintained in a highly structured gel by interactions with matrix 1 This study was supported by National Institutes of Health (NIH) grant HD-29894 (to W.J.L.) and NIH training grant in Developmental and Perinatal Endocrinology T32 HD-07463-05 (to R.V.N.). This paper is dedicated to the memory of Dr. Larsen, who passed away January 2000. glycoproteins [3, 4] . The ECM components of the mucified COC appear to facilitate the detachment of the COC from the follicle wall, its extrusion at ovulation, and its capture by oviductal fimbria. Lam et al. [5] recently showed that the cumulus matrix adheres to the oviduct and that adhesion is necessary for successful pick up and transport through the ostium. Moreover, the cumulus cells and the matrix in the expanded COC improve the success of sperm penetration and fertilization [6] [7] [8] . However, only a few cumulus matrix proteins have been identified.
We previously identified a serum glycoprotein, inter-alpha-inhibitor (I␣I) that plays a critical role in organizing and stabilizing the expanding matrix of the COC [9, 10] . The I␣I protein (M r 220 000) belongs to the Künitz-type proteinase inhibitor superfamily [11] . It consists of two heavy chains (H1 and H2) covalently linked by a chondroitin-4-sulfate chain to a light chain called bikunin [12, 13] . I␣I polypeptidic chains are highly conserved among mammalian species and are synthesized in the liver [14] . The ovulatory surge increases the permeability of the blood-follicle barrier, allowing I␣I circulating in the blood vessels surrounding the ovarian follicle to enter the antral cavities of responding follicles. A factor secreted from the cumulus cells then catalyzes the conversion from a chargemediated interaction with HA to a covalent linkage between HA and the I␣I heavy chains [15] .
TSG-6 (the secreted product of tumor necrosis factor [TNF]-stimulated gene 6) is a 35-kDa glycoprotein belonging to the family of HA-binding proteins [16, 17] . It was originally discovered by differential screening of a cDNA library from TNF-stimulated human fibroblasts [16] . The interaction with HA is mediated by a Link module (a domain found in many hyaladherins [17] ) for which the threedimensional structure has been determined [18] and the position of the ligand binding surface partially characterized [19] . TSG-6 expression is induced by proinflammatory mediators and growth factors in fibroblasts, mononuclear cells, chondrocytes, synoviocytes, and vascular smooth muscle cells [20] . TSG-6 (35 kDa) has been found in joint fluids of patients with arthritis but not in those of unaffected individuals, suggesting a role for TSG-6 in inflammatory diseases of connective tissue [20, 21] . The source of this protein is likely to be cartilage and synovium, where TSG-6 has been immunolocalized in tissues from rheumatoid arthritis and osteoarthritis patients [22] .
A unique characteristic of the TSG-6 protein is its capacity to form a ϳ120-kDa stable complex with I␣I, which is sensitive to chondroitinase [23] . In this regard, TSG-6, unlike other hyaladherins, binds with high affinity to chondroitin-4-sulfate [24] , and this binding may be important in the initial association with I␣I. The I␣I/TSG-6 complex (in addition to free TSG-6) has been detected in the synovial fluids of arthritis patients [21] . Moreover, TSG-6 and I␣I show a strong synergistic effect, resulting in a potent inhibition of the plasmin activity in vitro [25] .
Previous studies demonstrated that TSG-6 mRNA is upregulated during the expansion of mouse COCs in vivo, but the expression pattern of the protein was not determined [26] . The purpose of the present study was to investigate whether TSG-6 is involved in the ECM organization of COCs. Immunolocalization studies showed that TSG-6 colocalizes with HA and I␣I in the ECM of ovulated COCs and confirmed that TSG-6 expression is upregulated upon an ovulatory surge. Moreover, the I␣I/TSG-6 complex previously identified in synovial fluid is also found in the COCs. These data are consistent with TSG-6 playing a structural role in COC matrix formation. These original data also support the notion that the I␣I/TSG-6 complex mediates the cross-linking of separate HA molecules.
MATERIALS AND METHODS

Animals
Immature female B6D2F 1 mice (23 Ϯ 2 days old) were purchased from Taconic Farms (Germantown, NY). Animals were housed in static microisolator cages, fed commercially available rodent chow (Harlan Sprague Dawley mouse/rat sterilizable diet, Indianapolis, IN), and provided tap water ad libitum during a 12-h light/dark cycle with no twilight. All experimental procedures were performed in accordance with the approval of the University of Cincinnati Institutional Animal Care and Use Committee.
Materials
Equine CG was purchased from Professional Compounding Centers of America (Houston, TX). Streptomyces hyaluronidase, BSA, hCG, plasmin, and Chromozym PL were obtained from Sigma Chemical Company (St. Louis, MO). Affinity-purified rabbit anti-human I␣I IgG (which crossreacts with mouse I␣I as shown previously [10, 15] ) was obtained from Dako Corporation (Carpinteria, CA). Biotinylated HA-binding protein (a mixture of aggrecan binding region and link protein of 70-80 kDa and 40-45 kDa, respectively, isolated from bovine cartilage) was purchased from U.S. Biological (Swampscott, MA). Alexa-488-conjugated goat antirabbit IgG was purchased from Molecular Probes (Eugene, OR). Streptavidin-Cy-5 and peroxidase-conjugated donkey anti-rabbit IgG were purchased from Jackson ImmunoResearch Laboratories (West Grove, PA). The ECL Plus Western blotting detection reagents and Hyperfilm ECL were obtained from Amersham Life Science (Arlington Heights, IL).
Preparation of Polyclonal Antibody Raised Against TSG-6
A 17-amino acid peptide (CSTTGNKKFLPGRFSHL), corresponding to the final 16 amino acids of mouse TSG-6 [19] and a nonauthentic Nterminal Cys residue, was synthesized (Chiron Technologies, Clayton, Australia). The peptide (5 mg) was coupled to 10 mg of Limulus polyphemus hemocyanin (Sigma) by incubating with 0.1% (v/v) glutaraldehyde in 0.1 M Na-borate, pH 10.0, for 2 h at room temperature, followed by blocking with 77 mM glycine for 30 min. The peptide-protein complex was dialyzed twice against 3 L of 0.1 M Na-borate, pH 8.5, at 4ЊC and then freeze-dried. The antiserum was raised (Cymbus Biotechnology, Hampshire, UK) in a rabbit injected with an aliquot (one fourteenth of the freeze-dried material) in Freud complete adjuvant. Further immunizations were performed as above but in Freud incomplete adjuvant on Days 14, 28, 42, 56, and 70. The rabbit anti-mouse TSG-6 antiserum was recovered 7 days after the final immunization.
Labeling of Anti-Human I␣I Antibodies
To perform the colocalization of TSG-6 and I␣I in the ECM of COCs, the anti-I␣I antibody was labeled with the Alexa Fluor 546 protein labeling kit (Molecular Probes, Eugene, OR). Rabbit anti-human I␣I IgG (0.5 ml) diluted 1:4 in PBS, pH 7.4, was labeled according to the manufacturer's instructions. The efficiency of the labeling was assayed as recommended by the manufacturer and gave a labeling degree of 3.5 moles of Alexa Fluor546 dye per mole of IgG (optimal labeling is achieved with 2-7 moles of dye per mole of antibody).
Isolation of COCs
Immature female 23-day-old B6D2F 1 mice were injected with 5 IU of eCG (i.p.), and 48 h later they were injected with 5 IU of hCG (i.p). The animals were killed after a further 16-18 h, and the excised ampullae of the oviduct were collected in PBS. The COCs were released by gently squeezing the ampullae with 25-gauge needles. The COCs were washed three times in fresh filtered PBS.
Staining of Ovulated COCs
COCs were washed three times in fresh PBS and suspended in a 1.5-ml Eppendorf tube. Excess supernatant was removed after centrifugation at 500 ϫ g. After blocking in fresh filtered PBS containing 5% (w/v) BSA for 3 h at room temperature, COCs were incubated for 65-70 h at 4ЊC with the primary probes biotinylated HA-binding protein (1:10) with either rabbit anti-human I␣I (1:500) or rabbit anti-mouse TSG-6 (1:100). After washing three times with PBS, the cells were incubated with the fluorescent secondary probes: Streptavidin-Cy-5 (1:500) and Alexa 488 goat antirabbit IgG (1:1000) for 3 h at room temperature. Alternatively, the COCs were first incubated with the rabbit anti-mouse TSG-6 (1:100) for 65-70 h at 4ЊC, washed, and incubated at room temperature for 3 h with an Alexa 488 goat anti-rabbit IgG (1:1000). Those COC were then carefully washed and incubated with the rabbit anti-human I␣I coupled to Alexa 546 (1:100) overnight at 4ЊC. Finally, the COC were washed three times, suspended in a CoverWell imaging chamber gasket (Grace Bio-Labs, Bend, OR), and pressed against a microscope slide. Cell suspensions were immediately examined with a Zeiss LSM510 laser scanning confocal microscope (Zeiss, Jena, Germany) using a 20ϫ objective. COCs were optically sectioned at 5 m.
Immunohistochemistry
Ovaries were harvested from animals and fixed overnight in 4% (v/v) paraformaldehyde. Following incubation in 30% (w/v) sucrose, ovaries were cryosectioned at 8 m (Leitz, Wetzlar, Germany). After blocking in 5% (v/v) goat serum, 5% (w/v) BSA, PBS, pH 7.4, buffer, the slides were incubated with a rabbit anti-mouse TSG-6 antibody (1:100) overnight at 4ЊC and with secondary antibody (1:1000, Alexa 488 goat anti-rabbit IgG). The sections were examined with a Nikon epifluorescence microscope (Nikon Corp., Melville, NY) equipped with CCD camera and Metamorph Image analysis software.
Immunoprecipitation Experiment
Anti-I␣I immunoglobins (15 mg) were dialyzed against a 0.1 M NaHCO 3 , 0.5 M NaCl buffer, pH 8.3, and coupled to activated BrCNSepharose beads (5 ml) according to the manufacturer's instructions (Amersham Life Science, Arlington Heights, IL). The beads were then equilibrated in PBS, pH 7.4, containing 0.5 g/L NaN 3 and 0.05% (v/v) Tween 20 (buffer A). Three hundred COCs suspended in 100 l of PBS, pH 7.4, were digested with Streptomyces hyaluronidase (15 mU). The cell pellet was removed by centrifugation at 1000 ϫ g. The digested ECM (50 l) diluted 1:5 was mixed with 100 l of the coupled Sepharose beads. The mixture was gently shaken overnight at 4ЊC. After mild centrifugation (390 ϫ g), the supernatants were carefully recovered. The beads were washed twice with 200 l of buffer A. The beads were then eluted by 30 l of SDS-PAGE sample buffer (62.5 mM Tris-HCl, pH 6. 
Western Blot Analysis
Reduced samples were resolved on a 10% (w/v) SDS-polyacrylamide gel according to the method of Laemmli [27] and transferred to nitrocellulose membrane. After blocking in 5% (w/v) dry milk in PBS, the blot was incubated with a rabbit anti-mouse TSG-6 (1:500) overnight at 4ЊC, probed with peroxidase-conjugated AffiniPure F(abЈ)2 fragment donkey anti-rabbit IgG (1:50 000) for 90 min at room temperature, and then developed using an ECL PLUS kit according to the manufaturer's protocol (Amersham). In some cases, the blot was stripped of blocking reagent, antibodies, and ECL PLUS signal for 30 min at 65ЊC in stripping buffer (62.5 mM Tris-HCl buffer, pH 6.8, containing 2% [w/v] SDS and 100 mM ␤-mercaptoethanol). The stripped nitrocellulose membranes were developed with ECL PLUS and exposed to x-ray film to check for the absence of positive signal and to ascertain the efficiency of the stripping procedure. The stripped blot was then reprobed with a rabbit anti-human polyclonal antibody specific for I␣I epitopes (1:2000) and by the same secondary antibody and developed.
RESULTS
Colocalization of I␣I, TSG-6, and HA in Ovulated COCs
To show the localization of I␣I, TSG-6, and HA in the ECM of ovulated COCs, we used the optical sectioning capability of confocal laser scanning microscopy. Laser light can penetrate into the COC to show the oocyte and the cumulus cells surrounded by the ECM, which is revealed by immunostaining of the glycoproteins present in the matrix. Mouse I␣I in the ovulated COC was localized with the commercially available rabbit anti-human I␣I polyclonal antibody and secondary Alexa 488 goat antirabbit IgG (Fig. 1A) . Rabbit anti-mouse TSG-6 immune serum and secondary Alexa 488 goat anti-rabbit IgG were used to localize mouse TSG-6 signal ( Fig. 2A) . HA was localized in the cumulus matrix with an HA-specific histochemical probe, and the biotinylated HA-binding proteins were detected with streptavidin coupled to Cy-5 (in Figs. 1B and 2B, the original blue fluorescent signal expressed by Cy-5 has been colored red for greater clarity). As shown in Figures 1C and 2C by differential interference contrast, the cumulus cells are scattered within an abundant, diffusely stained ECM reactive with I␣I, TSG-6, and HA probes. I␣I and TSG-6 colocalize with HA in the ECM of ovulated COCs (yellow in Figs. 1D and 2D ). As shown in Figure 3 , specific fluorescence was never displayed by COCs stained with secondary Alexa 488 goat anti-rabbit IgG alone or with streptavidin-Cy-5 alone. Because the antibodies directed against TSG-6 and I␣I were both made in rabbit, it was necessary to attach a fluorescent tag to one of these antibodies to allow their colocalization; the anti-I␣I IgG antibody was modified with an Alexa Fluor 546 protein labeling kit. Ovulated COC probed with the Alexa 546-conjugated anti-I␣I revealed the same staining pattern as observed in Figure 1A (data not shown). As shown in Figure 4 , I␣I and TSG-6 display the same localization pattern in the ECM of the ovulated COCs.
Time Course of TSG-6 Expression in the Mouse Ovary During Gonadotropin-Induced Ovulation
Immature 25-day-old female mice were injected with eCG to stimulate follicle development, and 48 h later they were injected with hCG to induce ovulation, which takes place 16 h after hCG injection. At different time points following the hormone treatments, sections of ovaries were immunostained and assessed for the presence of TSG-6. The relative intensity of TSG-6 staining in mouse ovaries as a function of time is shown in Figure 5 . Before eCG injection, there was no detectable TSG-6 signal (Fig. 5A) . Three hours after the hCG treatment, a very slight staining for TSG-6 was observed in the surrounding cumulus cells (Fig. 5B) . Six hours after hCG injection (Fig. 5C ), TSG-6 antigenicity was observed extracellularly in or close to the basement membrane of the cumulus cell surrounding the oocyte and in the mural granulosa cells adjacent to the antrum (antral granulosa cells). The outermost layers of mural granulosa cells (peripheral granulosa cells) did not show any staining for TSG-6. Nine hours after the hCG treatment, the TSG-6 signal was very bright and was diffusing away from the membrane. These findings clearly indicate that levels of immunoreactive TSG-6 protein increase during expansion of mouse COCs in vivo.
Western Blot Analysis of TSG-6 Epitopes in Ovulated COCs
Immunoblot analysis of proteins from ovulated COCs revealed two bands when probed with the rabbit anti-mouse TSG-6 antibody (Fig. 6A, left panel) . The most intense band shows an electrophoretic mobility of 35 kDa, corresponding to uncomplexed TSG-6. A second weaker band was observed at 120 kDa; an anti-TSG-6 antibody raised against the equivalent region of the human protein detects the TSG-6/I␣I complex (formed from purified recombinant human TSG-6 and purified human I␣I) much less well than it detects the uncomplexed TSG-6 (unpublished results). After stripping the nitrocellulose membrane, the blot was reprobed with the anti-I␣I antibodies, which also detected a band of 120 kDa (Fig. 6A,  right panel) . In addition, a band at ϳ75 kDa was seen that is likely to correspond to the heavy chains of I␣I [13] . To confirm that the 120-kDa band was indeed a complex formed between I␣I and TSG-6, we performed an immunoextraction experiment of the ECM of the COC with some Sepharose beads coupled to anti-I␣I immunoglobulins as described in Materials and Methods. The immunoextracted samples were analyzed by Western blot probed with anti-TSG-6 antibody. The denuded cells were separated from the ECM by digestion with Streptomyces hyaluronidase. There were no TSG-6-immunoreactive species detected in the denuded cells (Fig. 6B,  lane 1) , whereas both the 35-kDa and 120-kDa components were present in the digested ECM before immunoprecipitation (Fig. 6B, lane 2) . When the ECM was immunoprecipitated with the anti-I␣I immunoglobulins, the 120-kDa molecule was precipitated (Fig. 6B, lane 3) . The intensity of this band was the same before and after immunoextraction, demonstrating that all the 120-kDa complex is precipitated with the antibody directed against I␣I. A faint band corresponding to the uncomplexed TSG-6 protein (35 kDa) was found in the immunoextracted sample (Fig. 6B, lane 3) . This band probably reflects entrapment of some TSG-6 during immunoprecipitation. The diffuse band at ϳ50 kDa corresponds to the heavy chains of the rabbit immunoglobulins linked to the Sepharose beads and eluted by denaturation of the beads in the sample buffer. These diffuse bands are also detected if the blot is only probed with the secondary antibody (donkey anti-rabbit IgG) (data not shown). The weak band at ϳ70 kDa may correspond to a breakdown product of the I␣I/TSG-6 complex (unpublished results).
DISCUSSION
The ECM of an expanded COC consists of HA synthesized by the cumulus cells and organized into a three-dimensional network through specific interactions with other matrix macromolecules [2, [28] [29] [30] . Even though HA is believed to be a major component in the mammalian cumulus matrix, a variety of other proteins and proteoglycans are present in the COC matrix [4] . The immunocytochemical data presented in this study show for the first time that TSG-6, an HA-binding pro- tein synthesized by cumulus cells, is concentrated in the ECM of COCs. Our findings revealed that production of TSG-6 is not homogenous in the granulosa cells population but is most intense in the cumulus cells. TSG-6 forms a complex with I␣I, another glycoprotein associated with HA in the cumulus matrix. We propose that TSG-6 forms a ternary complex with both I␣I and HA, which may contribute to the structural integrity of the ECM of the COC.
Because of the fragile structure and the thickness of ovulated COCs, standard fluorescence immunocytochemistry techniques have restricted the visualization of the ECM components in COCs collected after ovulation. The power of the laser scanning confocal microscope was useful for studying the ECM of COCs collected after ovulation. Tissues treated with formaldehyde-based fixative usually shrink. Therefore, to avoid shrinkage of the matrix, the COC suspensions were not fixed before staining. This approach and a longer incubation period with the primary antibody allowed a deeper penetration of the immunoglobulins into the matrix. Although the ECM was somewhat more permeable to the HA-binding protein than to the antibodies (probably because of the larger molecular mass of the immunoglobulins), our results clearly show that I␣I and TSG-6 are both present throughout the cumulus matrix.
We previously identified a serum component, I␣I, which is an essential factor for COC expansion both in vitro and in vivo [9] . Following an ovulatory stimulus, circulating I␣I diffuses into the follicular fluid and binds to the newly synthesized HA within the expanding mass via a charge-mediated interaction [10] . Conversion to a covalent interaction between HA and the heavy chains of I␣I is catalyzed by a granulosa cell factor and occurs about 6 h after hCG injection [15] . Nevertheless, some free heavy chains and the 120-kDa species remain associated with HA in the ECM through noncovalent binding, as revealed by Western blot analysis of ovulated COCs without prior treatment with hyaluronidase (see Fig. 6 ). Our results confirm that I␣I and HA colocalize in the cumulus matrix of COCs collected after ovulation.
To understand how separate HA molecules are retained in the COC, we investigated the presence of other HA-binding proteins that could contribute to the cohesiveness of the cumulus matrix. Reverse transcription polymerase chain reaction studies on isolated COCs have demonstrated that mRNA for TSG-6, which is initially absent, is apparent 1 h after hCG stimulation, and by 3 h after hCG, the transcript level reaches a plateau [26] . However, the expression pattern of the protein has never been studied. Using a specific antibody directed against TSG-6, we have shown the presence of the TSG-6 protein in the ECM of the mouse COC. Our data show that the protein is expressed 3 h after hCG treatment and expression increases throughout the time of COC expansion in the preovulatory follicle. Six hours after hCG stimulation, the protein is detected in the ECM and the intensity of the signal increases throughout the time. Our results also showed that the TSG-6 protein colocalizes with HA and I␣I in the ECM of ovulated COCs. Therefore, TSG-6 (in conjunction with I␣I) is an excellent candidate to mediate the cross-linking of HA.
Western blot analysis of ovulated COCs using anti-TSG-6 antiserum has revealed the presence of free TSG-6 protein (35 kDa) and a 120-kDa species. The anti-I␣I antibody used to probe the same blot is unable to detect the free TSG-6 protein, suggesting no cross-reactivity of the anti-I␣I antibody for the TSG-6 protein. Moreover, the free I␣I heavy chains are not detected by the anti-TSG-6 immune serum, suggesting no cross-reactivity of the anti-TSG-6 antibody for the I␣I components. Because the 120-kDa band was detected by both anti-TSG-6 and anti-I␣I antibodies, this band probably corresponds to a complex of TSG-6 and I␣I. The 120-kDa band is totally extracted from the ECM by immunoprecipitation with anti-I␣I IgG coupled to Sepharose beads. Both TSG-6 and the I␣I/TSG-6 complex are noncovalently associated with HA; no hyaluronidase treatment was necessary to release the proteins from the matrix before SDS-PAGE. Our result also shows that the 120-kDa complex is not susceptible to Streptomyces hyaluronidase digestion. Overall, the data presented here lead us to conclude that the 120-kDa complex is the same as that described in the synovial fluid of arthritic patients [21] . Wisniewski et al. reported that the chondroitin-4-sulfate crosslinking the polypeptide chains of I␣I is required for the formation of the 120-kDa complex [23] . Previous work from our laboratory has shown that the covalent binding between the heavy chains of I␣I and HA (with the release of bikunin and chondroitin-4-sulphate) is catalyzed only 6 h after hCG injection [15] . At the same time, the TSG-6 protein is secreted into the ECM. Therefore, some native I␣I (i.e., not covalently associated with HA) is probably also converted to the TSG-6/ I␣I complex 6 h after hCG treatment.
Mammalian ovulation is a distinct biological phenomenon that requires the rupture of healthy tissue at the surface of the ovary, thus resembling an acute inflammatory reaction [31, 32] . The LH surge stimulates in the preovulatory follicles a cascade of proteolytic enzymes, including plasminogen activator, plasmin, and matrix metalloproteinases. These enzymes participate in the degradation of the perifollicular matrix and most notably in the decomposition of the collagen fiber meshwork that provides strength to the follicular wall. I␣I belongs to the superfamily of Künitz-type protease inhibitors in mammals. The serine protease inhibitory activity of I␣I is located within the light chain, called bikunin. As assessed in vitro, I␣I shows inhibitory activity against different serine proteinases such as trypsin, neutrophil elastase, cathepsin G, and plasmin [33] . According to Potempa et al. [34] , the inhibitory activities of I␣I family members appear too weak to be physiologically relevant. Nevertheless, Wisniewski et al. [25] demonstrated that TSG-6 and I␣I show a strong synergistic effect, resulting in a potent inhibition of plasmin activity in vitro. Whether TSG-6 enhances the antiprotease activity of I␣I and thus protects the cumulus matrix from degradation by the activated proteases diffusing upon ovulation remains to be determined.
We conclude that TSG-6 is specifically expressed by cumulus cells and antral granulosa cells in a time-dependent manner following ovulatory stimulation. TSG-6 is secreted into the ECM, where it forms a stable complex with I␣I (probably via a covalent bond). This TSG-6/I␣I complex may mediate cross-linking of HA, contributing to the cohesiveness of the cumulus ECM. Moreover, the association of TSG-6 and I␣I in the ECM of COCs might create a protective coat against the proteases activated upon ovulation at the apex of the ovarian follicle and diffusing from the stigma in the ampullae with the ovulated COC. The cumulus matrix also acts as a mechanical support for the oocyte to facilitate its capture by the fimbria of the oviduct and its transport to the site of fertilization [5] . After ovulation, the expanded cumulus and secretory products of the cumulus cells also provide a selective barrier that excludes functionally or enzymatically deficient sperm and create an environment for successful fertilization [35] [36] [37] [38] . Sato et al. [39] demonstrated that cumulusproduced components (i.e., glycosaminoglycans) delay the degenerative process during in vitro oocyte culturing. Whether TSG-6 is also involved in some of those functions remains to be established.
